DE GRUYTER
OPEN

Ekoldgia (Bratislava) Vol. 33, No. 2, p. 160-170, 2014
do0i:10.2478/eko-2014-0016

VEGETATION OF HUMIC LAKES IN RELATION TO THEIR
TROPHIC STATE

WOJCIECH EJANKOWSKI', ANNA M. IGLINSKA

Department of Botany and Hydrobiology, Institute of Environment Protection, The John Paul II Catholic University
of Lublin, Konstantynéw 1H, 20-708 Lublin, Poland; e-mail: wejan@kul.lublin.pl

Chair of Geobotany and Landscape Planning, Nicolaus Copernicus University, Gagarina 9, 87-100 Torun, Poland;
e-mail: filipendula@wp.pl

* Author for correspondence

Abstract

Ejankowski W, Igliriska A.M.: Vegetation of humic lakes in relation to their trophic state. Ekoldgia
(Bratislava), Vol. 33, No. 2, p. 160-170, 2014.

The vegetation of selected 24 humic lakes in Poland was studied to establish whether there was a
link between the lakes’ vegetation and their trophic state. Based on literature data and field stu-
dies, the lakes were distinguished into two groups with regard to plant communities in the lakes
and catchment basins. They were identified as dystrophic (DL) and humoeutrophic (HL) lakes
according to their chemical and biological parameters. The two lake groups differed in terms of
macrophyte structure: nymphaeids were common in DL, whereas helophytes in HL. The massive
development of elodeids was also observed in HL. Vegetation in the catchment basins was me-
sotrophic in HL (Caricion lasiocarpae Vanden Bergh. ap. Lebrun et al., 1949), whereas in case
of extremely nutrient-poor habitats in DL oligotrophic vegetation was found (Rhynchosporion
albae Koch 1926 and Oxycocco-Sphagnetea Br.-Bl. et. R.Tx. 1943). The regionally determined
variability of humic lakes in Poland was verified positively. Potential dystrophy indicators are dis-
cussed in this paper.

Key words: macrophytes, aquatic vegetation, peat bogs, coloured lakes, natural habitats.

Introduction

Humic substances originating from catchment basins often influence lakes surrounded by peat
bogs or situated in a peat bog-forest area. Especially, nutrient-poor raised bogs are very effec-
tive in terms of supplying water with humic acids (Gérniak, 1996; Wojciechowski, 1999). Humic
substances are the organic compounds that determine specific characteristics of water bodies and
affect their functioning. The lakes rich in humic substances, called humic lakes, contain organic
sediments and have yellow or yellow-brown coloured water with very low light availability for
primary producers and usually a low water reaction (Hansen, 1962; Jones, 1992; Gdrniak, 1996).

Vegetation in the humic lakes is usually dominated by mosses and nymphaeids instead
of elodeids and isoetids. There are floating peat mats with sedges (Cyperaceae) and mosses
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belonging to the genus Sphagnum Hedw. in the lake margins (Iversen, 1929; Piotrowicz et
al,, 2006). The zone of floating peat mats is followed by the zone of raised peat bogs, which is
then followed by coniferous forests (Sobotka, 1967).

Humic substances cause dystrophication processes in water. They combine with simple
nutrients make them into complex ones and affect the availability of these compounds for
phytoplankton and aquatic macrophytes (Jones, 1992). Hence, the humic lakes are often
characterised with low productivity and low biological diversity. They are called dystrophic
(DL) due to high deficits of nutrients (Thienemann, 1921; Hansen, 1962).

However, the productivity of coloured lakes is generally as high as or even higher than that
of clear water lakes, poor in humic substances. Even in different parts of the world, nutrients
concentration is higher in humic lakes, where it often indicates a eutrophic state, than in clear
water lakes (Niirnberg, Shaw, 1999; Gabka, Owsianny, 2006; Poniewozik et al., 2011). Such
waters have nearly a neutral or alkaline reaction and high phytoplankton biomass, even if they
are surrounded by peat bogs and are rich in organic sediments (Owsianny, Gabka, 2007).

Humic lakes rich in nutrients are determined as aloiotrophic (Ho6ll, 1928), humoeutroph-
ic (HL) (Goérniak, 1996) or dystrophic-eutrophic (Fijatkowski, 1959), to emphasise their in-
termediate character between dystrophy and eutrophy. HL lakes were found in different re-
gions such as North America, Germany and Poland (Juday, Birge, 1932; Ohle, 1934; Gabka,
Owsianny, 2006; Chmiel, 2009).

Some lakes are classified as a DL type due to peat bog vegetation in the catchment area,
brown-coloured water and sediments, often regardless of their hydrochemical properties
(Hansen, 1962; Owsianny and Gabka, 2007). Nevertheless, the term ‘dystrophic’ should only
be used with reference to the waters with prevailing dystrophication processes, poor in avail-
able nutrients, and not as a general term for all the humic ones (Gdrniak, 1996; Owsianny,
Gabka, 2007).

A catchment area is the major factor determining the quantity of humic compounds in
lakes at a regional level (Kortelainen, 1993; Sobek et al., 2006). Especially, the proportion of
peatlands in the catchment area can influence humic substances content in water (Kononova,
1961; Reinikainen, Hyvirinen, 1997). A high concentration of humic acids in relation to
tulvic acids, both of them being humic compounds, results in stronger acidification. Thus, a
relatively high content of humic acids in peat bogs in comparison to fens can lead to stronger
dystrophication in lakes (Goérniak, 1996; Reinikainen, Hyvirinen, 1997).

Development of peat bogs was reported as a diagnosis of the ecological state of a DL lake
after an anthropogenic disturbance (Hutorowicz, 2001). Nevertheless, the occurrence of a
floating peat mat as a sufficient indicator of hydrochemical dystrophication was questioned
(Owsianny, Gabka, 2007).

Hydrobiological and hydrochemical studies were also carried out in many of the lakes to
find out the differences between them (Kraska et al., 2001; Chmiel, 2009; Poniewozik et al.,
2011). Vegetation of many humic lakes has been extensively studied (Sugier, Popiotek, 1999;
Piotrowicz et al., 2006; Sender, 2009), but detailed comparison of vegetation in strictly DL
and HL lakes is lacking (Gabka, Owsianny, 2006).

DL lakes are protected by Natura 2000 Networking Programme (I0S, 2010). The correct
identification of natural habitats is important in order to support their effective protection.
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Because the identification is still problematic, simple indicators of these habitats are needed.
The aim of this study was to show the variation of plant communities in humic lakes in rela-
tion to the trophic state and to identify indicators of DL lakes within the vegetation cover.

Material and methods

Vegetation of 18 humic lakes and 2 lake complexes (24 lakes in total) in different regions of Poland was compared
in this study (Table 1). The majority of lakes were situated in Northern Poland in Bory Tucholskie, Brodnica Lake
District, Drawno Plain, Garb Lubawski and in the mid-Eastern part of the country (Leczna-Wlodawa Plain). One

complex was located in the Masurian Lake District in North-Eastern Poland (Kondracki, 2002).

Table 1. Location of the studied humic lakes and data sources.

No. | Name of lake Region Coordinates Data sources
1 Moszne Leczna-Wlodawa Plain | 51°2728"N, 23°07'16"E | Sender 2008, 2009; Lorens 2009
2 Dlugie Leczna-Wlodawa Plain | 51°27'16"N, 23°10'11"E | Sugier & Popiolek 1999
3 Brzeziczno Leczna-Wlodawa Plain | 51°23'04"N, 23°00'32"E | GDOS 2010, Sender 2009.
4 Yokietka Leczna-Wlodawa Plain | 51°23'45"N, 22°57'36"E | field studies
5 Orchowo Leczna-Wlodawa Plain | 51°29'25"N, 23°3426"E | Urban 2001, Sender 2009
6 Rogozne Leczna-Wlodawa Plain | 51°30'35"N, 23°31'01"E | Lorens 2009, Sender 2009
7 Obradowskie Leczna-Wlodawa Plain | 51°35'19"N, 22°52'30"E | Karczmarz & Sokotowski 1988
8 Kaczewo Bory Tucholskie 53°54'59"N, 17°33'33"E | Rejewski 1981,
Boinska & Boiniski 1993
9 Piecki Male Bory Tucholskie 53°54'54"N, 17°34'06"E | Rejewski 1981,
Boinska & Boinski 1993
10 | DystrofI Bory Tucholskie 53°54'35"N, 17°33'38"E | Boinska & Boinski 1993
11 | DystrofII Bory Tucholskie 53°54'54"N, 17°33'18"E | Boiniska & Boinski 1993
12 | Okonek Brodnica Lake District | 53°23'08"N, 19°2425"E | Paszek & al. 2011a
13 | Streszek Brodnica Lake District | 53°22'57"N, 19°23'52"E | Paszek & al. 2011b
14 | Kociolek Brodnica Lake District | 53°29'31"N, 19°2426"E | Zatuski 1996
15 | Glodne Jeziorka IT Drawno Plain 53°11'37"N, 16°4'5"E Kraska et al. 2001,
Piotrowicz et al. 2006
16 | Glodne Jeziorka III, V | Drawno Plain 53°11'36"N, 16°420"E Kraska et al. 2001,
53°1139“N, 16°4‘33“E Piotrowicz et al. 2006
17 | Piaseczno Matle Drawno Plain 53°721"N, 15°59'49"E Piotrowicz et al. 2006
18 | Bagno Jelenskie I Garb Lubawski 53°18'4"N, 19°5221"E field studies
19 | Bagno Jelenskie II Garb Lubawski 53°18'4"N, 19°52'42"E field studies
20 | Bagno Jelenskie III Garb Lubawski 53°17'59"N, 19°53'16"E | field studies
21 | Zakret Masurian Lake District | 53°41'3"N, 21°24'54"E field studies
53°411“N, 21°24°40“E
53°4115“N, 21°24°40“E

The lakes chosen in this study were the humic lakes determined as DL, HL or dystrophic-eutrophic according
to the following heterogeneous criteria: hydrochemical, hydrobiological or floristic (literature cited in Table 1). Lake
Rogozne had formerly been characterised as dystrophic—eutrophic (Fijatkowski, 1959), but currently it has been
identified as eutrophic (Wojciechowska, Solis, 2009).

Data were collected from literature sources and field studies carried out between 2002 and 2011. Numerical
data, vegetation maps and detailed descriptions of the plant cover in humic lakes were used in the analysis. Aquatic
vegetation and open peat bogs in the catchment basins of the lakes were included. During the fieldwork a percentage
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share of particular plant communities was determined. The identification of plant associations was performed after
a vegetation survey in the field supported by an analysis of aerial photographs. Only the plant communities that
exceeded 10% of cover in a lake or in a peat bog were included to make a data set comparable.

A classification system of vegetation according to the phytosociological method of Braun-Blanquet (1951) was
used. Syntaxonomy and nomenclature of plant communities followed Matuszkiewicz (2001) and Brzeg and Wojter-
ska (2001) guidelines.

Submerged aquatic vegetation (SAV) in the lakes was compared using a rating scale proposed by Bayley and
Prather (2003). The following five rank categories were defined: (1) no plant cover observed, (2) rare plant cover
(<5%), (3) occasional plant cover (5-25%), (4) common plant cover (25-75%) and (5) abundant plant cover (>75%).
A cluster analysis based on the composition of plant communities was used to classify the lakes into different groups.

The classification was carried out with unweighted pair group method with arithmetic mean (UPGMA) method
with binomial Jaccard’s coefficient as a similarity measure (Kovach, 1986-1999). As the data did not meet assump-
tions of a parametric analysis, a non-parametric Mann-Whitney test was used to evaluate a regional variability of
lakes and the bioindicator value of vegetation. All the calculations were performed with MVSP ver. 3.1 and Statistica
9.1 according to Sokal and Rohlf (1995).

Results

Different ecological groups of macrophytes, elodeids, nymphaeids and helophytes were ob-
served in humic lakes. Peat bogs surrounded almost all the water bodies, which was in agree-
ment with usually observed high concentration of humic substances. The vegetation that
dominated in the lakes comprised of six phytosociological groups of different ranks. Not
only plant communities typical of nutrient-poor habitats, but also vegetation dependent on
eutrophic conditions was found (Table 2).

Table 2. Plant communities dominating humic lakes.

Vegetation type Plant communities

Potamion Koch 1926 em. Oberd. 1957 | Myriophylletum spicati Soe 1927,

(all.)

Nymphaeion Oberd. 1953 (all.) Nupharo-Nymphaeetum albae Tomasz. 1977, Nymphaeetum can-
didae Miljan 1958, Potametum natantis So6 1923,

Phragmitetea R.Tx. et Prsg 1942 (cl.) Phragmitetum australis (Gams 1927) Schmale 1939, Typhetum la-

tifoliae So6 1927, T. angustifoliae (Allorge 1922) So6 1927, Carice-
tum rostratae Riibel 1912, Equisetetum fluviatilis Steffen 1931, Ele-
ocharitetum palustris Sennikov 1919, Scirpetum lacustris (Allorge
1922) Chouard 1924, Caricetum acutiformis Sauer 1937, Thelypte-
ridi-Phragmitetum Kuiper 1957, Cicuto-Caricetum pseudocyperi
Boer et Siss. in Boer 1942,

Caricion lasiocarpae Vanden Bergh. ap. | Caricetum lasiocarpae Koch 1926, Sphagno apiculati-Caricetum

Lebrun et all. 1949 (all.) rostratae Osvald 1923,

Rhynchosporion albae Koch 1926 (all.) Rhynchosporetum albae Koch 1926, Caricetum limosae Br.-Bl. 1921,
Oxycocco-Sphagnetea Br.-Bl. et R.Tx. | Sphagnetum magellanici (Malc. 1929) Kistner et Flossner 1933,
1943 (cl.) Ledo-Sphagnetum magellanici Sukopp 1959 em. Neuhéusl 1969

Explanations: all. - alliance, cl. - class.

SAV belonging to the alliance Potamion constituted the vegetation in 2 lakes out of the
total 24. Despite the fact that submerged macrophytes occur occasionally in humic lakes, in
this particular case the development of Myriophyllum spicatum L. was massive. Associations
of Nymphaea alba L., N. candida C. Presl and Nuphar lutea (L.) Sibth. et Sm. formed nym-
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phaeids belonging to the alliance Nymphaeion. They were common, but they were rarely nu-
merous in lakes. Another group of macrophytes, helophytes from the class Phragmitetea, was
differentiated and abundant in the lake margins. Associations of Phragmites australis (Cav.)
Trin. ex Steud. were the most frequent plant communities in this group. The vegetation of
floating peat mats and peat bog hollows belonging to the class Scheuchzerio-Caricetea ni-
grae. Plant communities from the two ecologically different alliances Rhynchosporion albae
and Caricion lasiocarpae were reported in this study (Table 2). The vegetation of raised peat
bogs was classified to the class of Oxycocco-Sphagnetea.

The cluster analysis showed differences among lakes with regard to vegetation. Lake
Rogozne was distinct due to a scarce development of peat bog vegetation and the dominance
of helophytes in the water body; the presence of association Cicuto-Caricetum pseudocyperi
was specific to this lake (Fig. 1). Low Jaccard’s coeflicient (0.03) indicated a low degree of
similarity between the vegetation of Lake Rogozne and that of other lakes in the clustering
diagram (Fig. 1).

Rogozne

Gtodne Jeziorka Il
Okonek

Zakret

Bagno Jelenskie Il
Gtodne Jeziorka Ill, V
Kociotek

Streszek

Dystrof Il

Dystrof |

Piecki Mate
Piaseczno Mate
Kaczewo

tokietka

Orchowo

Brzeziczno

| Bagno Jelenskie Il

Bagno Jelenskie |
Obradowskie
Dtugie
Moszne
T T T T T T 1
-0,2 0 0,2 0,4 0,6 0,8 1

Jaccard's coefficient

Fig. 1. Cluster analysis of vegetation in humic lakes.

A floristically homogenous group of lakes was distinguished using Jaccard’s coeflicient’s value
of 0.32. Group I comprised of the following lakes: Glodne Jeziorka II, Okonek, Zakret, Bagno
Jeleniskie II, Glodne Jeziorka III and V, Kociolek, Streszek, Dystrof II and Dystrof I, Piecki Mate,
Piaseczno Mate and Kaczewo. Aquatic vegetation in this group was usually of small importance
and no submerged macrophytes occurred in these lakes. Mainly plant communities of the alliance
Rhynchosporion albae and the class Oxycocco-Sphagnetea dominated in group 1. The separa-
tion of the lakes Piecki Male, Piaseczno Male and Kaczewo within this cluster was caused by a
high development of nymphaeids and helophytes. The following plant communities: Nupharo-
Nymphaetum albae, Potametum natantis, Equisetetum limosi and Caricetum acutiformis were
the dominants in the water bodies mentioned above, whereas these plant associations barely oc-
curred in the other lakes of group L.
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The remaining lakes Lokietka, Orchowo, Brzeziczno, Bagno Jelenskie III and I, Obradowskie,
Dlugie and Moszne constituted group II (Fig. 1). In spite of differences among them, the vegeta-
tion of these lakes usually comprised of plant communities of the class Phragmitetea and the
alliance Caricion lasiocarpae. The most frequent Phragmitetea-associations were here Phrag-
mitetum communis, Typhaeetum latifoliae and Typhaeetum angustifoliae. In this group, plant
associations of the class Oxycocco-Sphagnetea were lacking, except for Lake Lokietka, which was
floristically similar to the lakes of group I (Fig. 1). In this lake, only co-domination of Phragmite-
tum communis determined its separation from group I. The two water bodies, Lake Moszne and
Lake Dlugie, were distinguished from the other lakes in group II because of the development of
submerged macrophyte M. spicatum.

Vegetation cover in the humic lakes was regionally differentiated. It was noticeable that the
lakes of group I were situated in the regions of Northern Poland, whereas the lakes of group II
were mainly located within the mid-Eastern part of the country (U = -2.44, p < 0.05). Only two
lakes belonging to group II (Bagno Jelenskie I and II) were located in Northern Poland in the Garb
Lubawski region. However, due to the differences in vegetation, the lakes situated in the lake-peat
bog complex Bagno Jelenskie were classified into two different groups. Lake Bagno Jelenskie II
was included in group I, whereas the lakes Bagno Jelenskie I and IIT joined group II (Fig. 1).

The vegetation composition of analysed water bodies was affected by trophic conditions. Fre-
quency of plant communities typical of nutrient-poor habitats (Rhynchosporion albae and Oxy-
cocco-Sphagnetea) was higher in group I than in group II. Similarly, nymphaeids (Nymphaeion)
commonly occurred only in the lakes of group II (Fig. 2). Associations dependent on moderately
fertile bogs (Caricion lasiocarpae) and vegetation of eutrophic habitats (Phragmitetea) were usu-
ally found in the lakes of group II.

No significant statistical effects were found in particular plant communities belonging to
the class Phragmitetea and to the alliance Nymphaeion, despite the fact that such effects of total
Phragmitetea and total Nymphaeion were important (Table 3). Probably more data were needed
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Fig. 2. Vegetation dominating in different trophic types of humic lakes (explana-
tion: asterisks sign important effects).
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to reveal the significant relationships between the discussed phenomena, because many plant
communities occurred occasionally in the investigated water bodies.

The index of SAV was 1 in the lakes of group I and on average 1.75 in group II. A plant asso-
ciation Myriophylletum spicati occurred only in the lakes of group II (Fig. 2), with the maximum
cover in Lake Moszne (58.4%). However, no significant relationship was found between elodeids
(total Potamion) and the lake type distinguished in this study (Table 3).

Table 3. Mann-Whitney tests of relationships between vegetation and groups of humic lakes distinguished in the study.

Vegetation Sum of ranks group I | Sum of ranks group II N Z
Caricetum acutiformis 130 80 20 -0.71
Caricetum rostratae 126 84 20 0.04
Caricion lasiocarpae 96 114 20 2.62**
Cicuto-Caricetum pseudocyperi 126 84 20 -0.04
Eleocharitetum palustris 130 80 20 -0.71
Equisetetum fluviatilis 130 80 20 -0.71
Myriophylletum spicati 114 96 20 1.71
Nymphaeetum candidae 130 80 20 -0.71
Nupharo-Nymphaeetum albae 142 68 20 -1.72
Oxycocco-Sphagnetea 156 54 20 -3.03**
Phragmitetum australis 114 96 20 1.71
Potametum natantis 134 76 20 -1.11
Rhynchosporion albae 164 46 20 —3.40%
Scirpetum lacustris 120 90 20 1.12
Thelypteridi-Phragmitetum 126 84 20 0.04
Thyphaetum angustifoliae 114 96 20 1.71
Thyphaetum latifoliae 120 90 20 1,12
Total Potamion 114 96 20 1.71
Total Nymphaeion 146 64 20 2%
Total Phragmitetea 98 112 20 2.50*

Explanations: *p < 0.05, **p < 0.01, ***p < 0.001, N — number of cases, Z — value of Mann-Whitney test.

Discussion

Results of this study suggest that main differences between the humic lakes were induced by tro-
phy. Ecological requirements of the plant communities indicated nutrient-poor state in the lakes
of group I and a moderately nutrient-rich state in group II. Especially, the vegetation belonging
to Rhynchosporion albae and Oxycocco-Sphagnetea was associated with oligotrophic habitats,
whereas that of Caricion lasiocarpae- and Phragmitetea-associations indicated habitats with
higher trophy (Klosowski, 1985; Rodwell, 1991; Matuszkiewicz, 2001).

This conclusion is supported by the studies of physical-chemical parameters of water. Reac-
tion, calcium content and conductivity were considerably lower in group I lakes Glodne Jeziorka
I1, IIT, V and Piaseczno Male than in Lake Moszne, Lake Dtugie and Lake Orchowo of group II
(Kraska et al., 2001; Piotrowicz et al., 2006; Poniewozik et al., 2011). Within the lakes of group I
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parameters such as electrolytic conductivity, pH and chlorophyll-a were higher in Lake Piaseczno
Mate, where Caricion lasiocarpae-associations were abundant (Piotrowicz et al., 2006). In many
lakes of group II physical-chemical and biological parameters revealed an eutrophication process,
despite the fact that the water was rich in humic substances (Wojciechowska, Solis, 2009; Ponie-
wozik et al., 2011).

Hydrochemical dystrophic index (HDI) proposed by Gérniak (2006) also provides informa-
tion about the degree of dystrophy in lakes. It takes into consideration factors such as water re-
action, electrolytic conductivity and concentration of organic carbon in water. This index was
calculated for the lakes belonging to group II in the Leczna-Wlodawa Plain, where its value was
usually below the limit of dystrophy (Chmiel, 2009), e.g. HDI in Lake Moszne and Lake Diugie
indicated a humoeutrophic state (Goérniak, 1996, 2006). The highest values in this region were
between 25 and 50. The assumptions of hydrochemical dystrophy were occasionally met in the
lakes which were similar to group I with regard to the vegetation cover (Chmiel, 2009; Gérniak,
2006). In strictly DL lakes in North-Eastern Poland and in several lakes in the Bory Tucholskie
region HDI was above 50. In many lakes of Scandinavia the index of dystrophy was even higher.

Many observations confirm that lakes can be fertile in spite of the presence of humic substanc-
es in water (Hansen, 1962; Wojciechowski, 1999). We speculated that the lakes in group I reflected
a DL type and at least most of lakes in group II, if not all of them, were HL. In this approach,
dystrophy was determined as a polihumic and nutrient-poor state, whereas humoeutrophy was
defined as relatively high trophy of the humic lake (Gérniak, 1996).

Lake Rogozne, which was separated from the other lakes in the cluster analysis, was deter-
mined as eutrophic according to hydrochemical and hydrobiological criteria (Chmiel, 2009; Wo-
jciechowska and Solis, 2009). The helophytes in the lake margins and lack of peat bogs in the
catchment basin corresponded with relatively high water trophy (Klosowski, 1985; Matuszkie-
wicz, 2001).

Although the occurrence of peat bogs in the catchment area only presumably allows to indi-
cate a DL lake type (Owsianny, Gabka, 2007), it seems that vegetation can show the ecological
state of a lake to a higher degree. It was found that the effect of dystrophication was stronger in
the lakes surrounded by mires. Fens, which are more fertile, have a significantly lower impact on
dystrophication than raised peat bogs (Kononova, 1961; Gérniak, 1996; Wojciechowski, 1999).

The study has shown that the strict domination of Rhynchsporion albae- and Oxycocco-
Sphagnetea-associations over other vegetation points to nutrient-poor DL lakes, in accordance to
former observations of the ecological preferences of plant communities (Rodwell, 1991; Matusz-
kiewicz, 2001; Gabka et al., 2007). High development of Caricion lasiocarpae-associations and
helophytes (Phragmitetea) indicates HL state according to Gérniak (1996).

Dystrophication takes place when the quantity of humic substances is considerably higher
than the nutrients supply (Wojciechowski, 1999). When the quantity of humic substances is low,
nutrients stimulate the growth of aquatic vegetation. Hence, SAV, which is associated with fertile
habitats (Matuszkiewicz, 2001), was found only in HL lakes. High light availability due to low light
attenuation facilitates the development of macrophytes under the water surface. Other aquatic
plants, nymphaeids, were associated with DL lakes. Their higher abundance in DL waters, in com-
parison to eutrophic ones, was observed (Piotrowicz et al., 2006). Aquatic macrophytes can play
an important role depending on their abundance and species composition. They can influence
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the functioning of water bodies in different ways. In shallow lakes, macrophytes stabilise the clear
water state (Scheffer et al., 1993).

In this study the majority of humic lakes in the Leczna-Wlodawa Plain were identified as HL.
Their intermediate character was also recognised in an assessment of natural habitats in Natura
2000 Networking Programme. The ecological state of the lakes in which the values of HDI were
the highest in the region was analysed (Chmiel, 2009; I0S, 2010). Measurements of dystrophy
such as water colour, phytoplankton, presence of expansive species, turbidity and state of peat
bogs associated with the vegetation cover were usually evaluated negatively. The state between
dystrophy and eutrophy observed in these lakes still makes their classification controversial
(Peczuta, 2002; Poniewozik et al., 2011), similarly to other regions (Gabka, Owsianny, 2006; Ow-
sianny, Gabka, 2007).

We speculate that differences between the HL lakes in mid-Eastern Poland and strictly DL
lakes in the rest of the country were caused by their geological structure and, consequently, the
vegetation cover that affects humic substances in water. DL lakes mostly occur in crystal and
sandy basins (Hansen, 1962; Rejewski, 1984; Owsianny, Gabka, 2007). Sandy plains and dunes
provide favourable conditions for the development of coniferous forests and nutrient-poor raised
bogs (Matuszkiewicz, 2001), which influences acidification and dystrophication very effectively.

In the Leczna—Wlodawa Plain, which was ice-free during the Weichsel (Vistulian) glaciation,
the geological structure and vegetation in the catchment basins are different. In this region, creta-
ceous sediments of large thickness occur under the superficial layer of aqueous rocks. Therefore,
the basin can contribute to a relatively high concentration of calcium and nearly neutral water
reaction (Wiszniewski, 1953; Harasimiuk, Wojtanowicz, 1998). Higher reaction caused by cal-
cium content makes complexes of nutrients and humic substances instable and contributes to
eutrophication (Gorniak, 1996).

On the other hand, human activity can affect humic lakes too. Heterogeneity of vegetation
within the complex Bagno Jeleniskie was seemingly induced by an anthropogenic impact. High
development of Caricion lasiocarpae-association (Sphagno-Caricetum rostratae) in the lakes
Bagno Jelenskie I and IIT was probably caused by the transformations of hydrologic and troph-
ic conditions. Plant communities of this type often occur in slightly enriched, soligenous areas
(Rodwell, 1991; Gabka et al., 2007). In this case, water was polluted and catchment basin was des-
iccated by drainage system. No detailed data are available on the nutrient content, but there was
no obvious impact on Lake Bagno Jelenskie II and the vegetation cover thereof was dependent on
DL habitats (Matuszkiewicz, 2001).

Conclusion

Differences between the vegetation in the lakes rich in humic substances and in their catch-
ment basins are induced by the trophic state. In the HL lakes in nutrient-limited habitats,
plant communities are mostly mesotrophic, whereas in DL lakes vegetation is oligotrophic.
Extremely nutrient-poor habitats of DL lakes are indicated by the dominance of nymphaeids
(Nymphaeion) and plant communities belonging to the alliance Rhynchosporion albae and
to the class Oxycocco-Sphagnetea. Indicators of the HL lakes are Caricion lasiocarpae- and
Phragmitetea-associations.
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